Background: Genital warts are the most common viral sexually transmitted disease affecting 1% of the population. A prospective, open-label controlled trial was performed to compare topical 5% potassium hydroxide (KOH) solution with CO 2 laser in the treatment of female genital warts. Methods: Seventy patients were enrolled in the study after convenience sampling. Right-sided lesions of the patients were treated by CO 2 laser every 3 weeks. The left-sided lesions of the same patients were treated by topical 5% KOH solution twice a day using a toothpick with cotton wrap on the tip. The patients were visited at 3, 6, and 9 weeks after initiation of the treatment and followed up for 6 months after the last visit. Results: Out of seventy patients, sixty three completed the study and were analyzed. A total of 56 KOH treated-patients (88.9%) showed complete response. On the other hand, 56 laser-treated patients (88.9%) presented complete clearing of the lesion. There was not any difference in response to both modalities of treatment. Complications of KOH solution and CO 2 laser were 24% and 19% respectively (P>0.05), but serious adverse events were not observed. The patients under KOH treatment displayed a recurrence rate of 11.1% (7 cases), while the same patients with CO 2 laser therapy demonstrated a recurrence rate of 7.9% (5 cases) (P=0.54). Conclusion: Topical 5% KOH solution was as effective as CO 2 laser in the treatment of female genital warts. There was not any serious complication in the application of KOH solution. This could be used as a new treatment for genital warts. Trial Registration Number: IRCT201412207848N1
KOH versus CO 2 laser in the treatment of genital warts IJCBNM July 2016; Vol 4, No 3 intrOductiOn A review of the literature provides evidence that genital warts (condyloma acuminate) are the most common viral sexually transmitted disease affecting 1% of the population. [1] [2] [3] [4] [5] [6] Genital warts may cause considerable impairments in patients' quality of life and sexual relationship. 7, 8 They are highly contagious disease caused by human papillomavirus (HPV), predominantly HPV 6 and HPV 11.
9-12 HPV infection is a great burden on health care system. 13, 14 The high rate of genital warts has been documented in adults between 18 and 28 years of age. According to a study in the United Kingdom (1996) , about 10% of patients develop a persistent disease, with risk of benign proliferative lesions, high-grade precursors and finally invasive malignancies. 3 Several treatment options are developed for eradication of genital warts including keratolytic agents, podophyllum, topical imiquimod, intraleison interferon alpha, 5-fluorouracil cream, cryosurgery, electrosurgery, and simple excisional surgery. [15] [16] [17] [18] Although each of these treatment modalities is efficacious in some patients, 19 no single therapy stands out as uniformly effective 20 and most of the conventional therapies for female genital warts have high recurrence rates. 21 Carbon dioxide (CO 2 ) laser has been introduced to ablate the visible warts. 22, 23 CO 2 lasers wavelength (10600 nm) is absorbed highly by water (primary chromophore for CO 2 laser). Alteration of radiant energy to heat directly elevates the temperature of the skin water to further than 100 °C; therefore, the tissue water vaporizes. 24 Also, CO 2 laser ablates and vaporizes the skin wart until normal tissue architecture is seen. 23 The spatial confinement of the laser light allows the exact tissue ablation resulting in fast healing with little or no scar tissue. 25 Potassium hydroxide (KOH) is a potent alkali that has been found to be effective, safe, inexpensive, and well tolerated for the eradication of genital and plane warts as well as Molluscum contagiosum. This results from the ability of KOH to dissolve keratin and its deep penetration into the skin. [26] [27] [28] [29] [30] Based on an extensive search, a few studies have reported the therapeutic effect of topical KOH solution on genital warts. Also, the previous investigations have focused on the application of topical KOH solution in the treatment of male genital warts. In other words, there were not sufficient documents regarding the role of topical KOH solution in genital wart therapy and its application in the treatment of female genital wart. Therefore, according to prior reports of safety and high rate success with KOH solution for male genital wart therapy, 27, 31 we conducted a study to compare the therapeutic effects of topical 5% KOH solution with CO 2 laser on the female external genital warts.
Materials and MethOds

Study Design
This open-label, controlled trial was performed to obtain a therapeutic option for the treatment of external genital warts in Motahari Clinic of Shiraz City, Southwest Iran, from March to August 2014.
Study Population
According to the following formula, we calculated the sample size with an alpha error of 1% and a beta error of 10%, resulting in a 90% power. n = Seventy female patients in the age range of 15-55 years old with genital warts who had been diagnosed by a gynecologist were included in the study. Exclusion criteria were the patients with vaginal lesions, use of topical antiviral drugs during the past two weeks, pregnancy, lactation, and concurrent infection with other sexually transmitted diseases. We used convenience sampling to enroll the eligible patients.
Ethical Considerations
This study was approved by Ethics Committee of Shiraz University of Medical Sciences. Before the study, each patient was consulted in detail and informed consent form was obtained.
Treatment Protocol A) KOH Protocol
A solution of 5% KOH was prepared by dissolving 5 g of KOH (Merck, Germany) in 100 ml of distilled water. 31 Each of the seventy patients received a 20 ml flask containing a 5% KOH aqueous solution. The left-sided lesions of the patients were treated by topical 5% KOH solution twice a day using a toothpick with cotton wrap on the tip. Then the patients were taught to apply KOH solution on the lesions. The solution was applied for up to 9 weeks. The response rate and complications were assessed at 3, 6, and 9 weeks after initiating the treatment. Subsequently, the patients were followed up for 6 months.
B) CO 2 Laser Protocol
After routine sterilization and local anesthetic application, the lesions and 2 mm surrounding the normal tissue were evaporated with CO 2 laser (Jeisys, South Korea and FDA approved). This laser had fractional mode with wavelength of 10600 nm and fluency of 5 J/cm 2 . Right-sided lesions of the seventy patients were treated by CO 2 laser every 3 weeks. Tetracycline ointment was applied on the area of the intervention. Laser therapy was done every 3 weeks up to 9 weeks depending on the response.
Outcome Measure
An educated midwife measured the size of the lesions pre-treatment and post-treatment using a ruler. Response to the treatment was defined as bellow:
32 "complete response" as complete clearance of the warts, "excellent response" if there was 75-99% decrease in the size of the lesions, "good response" as a decrease up to 50-75% of the wart size, and "weak response" as a decrease under 50% in the wart size.
Statistical Analyses
Data analysis was performed using SPSS 18 and the results are presented as mean±SD. Chi-Square test, repeated measures ANOVA, and Fisher's exact test were used. We used repeated measures ANOVA after checking Mauchly's test of sphericity for comparison between various times. We used Pearson Chisquare test and Fisher exact test for univariate analysis in categorical variables. Also, a P value<0.05 was considered significant.
results
A total of 70 female patients with genital warts and mean±SD age of 28.6±7.9 (age range: 15-50 years) were included in the study. Out of seventy patients, seven were dropped out the study because of non-complier and 63 patients completed it and were analyzed ( Figure 1) . No patient was dropped out because of adverse events of the treatments. Educational level of patients was followed as illiterate (4.3%), primary school (5.7%), middle school (8.6%), high school (11.4%), diploma (31.4%), bachelor degree and more (38.6%). According to marital status, 65.7% of the patients were married, 21.4% single, 7.1% divorced, and 5.7% widowed. The number of warts in each patient ranged from 1 to 40 (12.5±8.5). The duration of the lesions ranged from 1 to 12 months with a mean duration of 3.36±2.61 months. These lesions were located on the labia major, labia minor, fourchette, perinea, perianal, and mons pubis. The majority of the genital warts were on the labia major and the minority of them over the mons pubis. The size of the lesions ranged from 2-50 mm. The mean size of the lesions pre-treatment and posttreatment is shown in Table 1 .
Response to topical KOH solution and CO2 laser therapy at the end of the 3rd, 6th, and 9th weeks is shown in Table 2 and Figure 2 . According to repeated measures ANOVA, the difference within the groups was significant (P<0.001), but the difference between them was not statistically significant (P=0.681).
Accordingly, the therapeutic effect of KOH solution and CO2 laser was similar.
Most of the KOH and laser-treated patients (88.9%) showed complete clearing of lesions. Complications of KOH therapy were observed in 24% (15 cases) while those of laser intervention were seen in 19% (12 cases) of the same patients. Adverse events of KOH therapy included erythema 4 patients (6.34%), burn 7 (11.11%), erosion 9 (14.28%), and hyperpigmentation 2 (3.17%). Complications of laser therapy were erythema in 2 patients (3.17%), burn in 2 (3.17%), erosion in 4 (6.34%), hypopigmentation in 2 (3.17%), and hyperpigmentation in 3 (4.76%). Fisher's exact test showed that the difference of complications between the two modalities was not statistically significant (P>0.05)
The patients under KOH treatment had a recurrence rate of 11.1% (7 cases), whereas the same patients with laser therapy had a recurrence rate of 7.9% (5 cases). There was not any significant difference in the recurrence rate between both modalities of treatment (P=0.54). Asadi N, Hemmati E, Namazi G, Pakniat Jahromi M, Sarraf Z, Pazyar N, et al.
ijcbnm.sums.ac.ir discussiOn Genital warts therapy is usually recommended based on the efficacy, adverse effects, cost and recurrence rates. 25, 33 Various treatment modalities have been employed such as podophyllotoxin, salicylic acid, imiquimod, polyphenon E, 5-fluoracil, KOH, cryotherapy, electrosurgery, and laser. [34] [35] [36] [37] [38] Clearance rate of laser therapy has been reported 23-52% with recurrence rates of 60-77% for genital warts. 17 In the current study, most of the KOHtreated patients (88.9%) showed complete clearing of the lesions. Also, most of lasertreated patients (88.9%) presented complete response. It means that, there was not any difference between the two therapeutic modalities in clearing of visible genital warts. In other words, topical 5% KOH solution was as effective as CO 2 laser in the treatment of the lesions. The highest improvement of lesions in KOH and lasertreated patients was observed at the end of the 3rd week of treatment. This means that the most response was documented during 3 weeks after initiation of KOH and laser therapy. KOH solution complications were more than those of laser in the same patients and the difference was not considerable. KOH-treated lesions showed more erythema, burn, and erosion while laser-treated lesions presented more hyperpigmentation and hypopigmentation. The results of the present study demonstrated that KOH solution had a higher rate of recurrence compared with CO 2 , but the difference was not prominent between the two treatment modalities. Our study showed that genital warts were more common in participants with higher education level and married patients. The most common complication of topical 5% KOH solution was erosion, while the least common one was posttreatment hypopigmentation. Another finding of the current study demonstrated that labia major were the most common location for developing genital warts. According to the medical literature, there were a few clinical researches describing the positive therapeutic role of KOH in the treatment of genital warts. Some investigators evaluated topical 5% KOH solution in male patients with genital warts. They included 35 men in their study. The patients were evaluated for 3 months and the last month was dedicated to the recurrence monitoring. They documented that 87.5% of the patients had complete clearing of the lesions. 31 Some researchers compared topical 5% KOH solution with liquid nitrogen (cryotherapy) in 36 men with genital warts for 8 weeks. The patients were followed up for 2 months to determine the recurrence rate. This trial revealed that 84.6% of the patients were improved with KOH therapy without any recurrence, but the patients treated with cryotherapy had recurrence. 27 Another randomized controlled trial was conducted to assess the therapeutic effect of topical 5% KOH solution vs. cryotherapy on the genital warts of sexually active men. A total of 48 patients were enrolled in the study during a period of 10 months and followed up for 1 month. At the end of the trial, 54.2% of the patients treated with KOH were completely wart-free without recurrence. Superficial erosions, burning, and hypopigmentation were observed in the patients. This study demonstrated that 5% KOH solution was at least as effective as cryotherapy for the treatment of male genital warts. 26 It is likely that the action mechanism of KOH is related to its keratolytic role leading to the destruction of the contaminated cells and induction of inflammation.
28
To the best of our knowledge, the present study was the first controlled trial that examined the therapeutic effect of KOH solution on female genital warts. The previous studies were conducted on 35-48 men with genital warts. In the prior studies, complete response rate of KOH therapy was reported 54.2-87.5% and the duration of follow-up was 1-3 months. 26, 27, 31 Our findings were consistent with three previous studies and complete response was observed in most patients under treatment with KOH 5% solution. 26, 27, 31 Our study, compared with that of Camargo et al., 26 presented more complete response with KOH therapy and less adverse events including burning, erosion, and hyperpigmentation.
It is probable that the higher rate of complete response in our study results from the bigger sample size. The present investigation compared with the previous trials had three advantages. Firstly, it was performed with larger sample size. Secondly, the patients were followed up for the longer period. Third, the current study was self-controlled and possible confounders such as genetic and environmental factors were controlled.
The most remarkable superiority of KOH over CO 2 laser therapy is that KOH solution is applied by the patients and considered cost-benefit for both patients and healthcare system. On the other hand, CO 2 laser therapy is operator dependent, expensive, time consuming, and needs several separate treatment cycles. Our findings regarding topical KOH application proved promising effects of this agent in treatment of external genital warts. This new treatment modality should be more considered because it is effective, safe, and low cost agent applied by the patients.
The present trial had some limitations. We conducted this study in a single center while performing in a multicenter would help to more strengthen the clinical research. In ijcbnm.sums.ac.ir addition, we excluded the pregnant women with genital warts from the study because we had not any document related to safety of KOH solution application in these patients.
cOnclusiOn
Our findings confirmed previous studies regarding the therapeutic role of topical KOH solution on genital warts. The present trial showed that topical 5% KOH was as effective as CO 2 laser on the improvement of female genital warts. There was not any serious complication in the application of KOH solution. This chemical agent can be included as a new therapeutic modality in the spectrum of therapies for genital warts. Though KOH therapy seems to be quite effective, further randomized control trials will provide more evidence of the effectiveness of this novel agent. Various concentrations of KOH solution such as KOH 2.5% and 10% can be investigated in the future clinical studies. Evaluation of the efficacy and complications of KOH solution in pregnant animals can be done prior to its use in pregnant women with genital warts.
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